The development of effective cooling systems for microprocessors, specifically for CPU and other computer chips, is greatly important due to growth of high speed performance chips, which operate at elevated heat rates. The same issues apply for adjacent units including RAM and HDD also contributing to overall generation of heat inside computer. Problem statement: Conventional cooling system for desktop PC has many problems, especially cooling performance. Lifespan of devices and reliable operation are largely dependent on junction temperature. Total power dissipation of recently introduced, new generation microprocessors had been increasing rapidly, pushing desktop system cooling technology close to its limits. Approach: Present research focused on a system for removal of dissipated heat that combined the advantages of heat pipe and thermoelectric modules. Proposed research presented a numerical analysis of a novel cooling system for electronics. Configuration studied concerns microprocessors and other computer ships. Simulations performed in this research were based on use of computational fluid dynamics and results obtained in terms of cooling efficiencies were compared to those of the traditional cooling. Heat resistance and temperature of each component were investigated in this modeling. Results: Lowest core temperature was found below 75°C and total thermal resistance of cooling system is 0.095°C/W. Conclusion/Recommendations: Proposed cooling systems had sufficient capacity for cooling 200 W heat dissipation. Temperature of proposed cooling system is lower than both existing cooling systems. Temperature of all components, CPU, heat pipe, TEC and heat sink were below 75°C. Thermal resistance characteristic of a cooling system had a major effect on cooling performance.
INTRODUCTION
Since the current developments for high performance CPUs operating at higher speeds result in increased heat generation which, in turn, requires more efficient methods for heat dissipation. The development of effective cooling systems for microprocessors, specifically for the CPU and other computer chips, is greatly important due to the growth of high speed performance chips, which operate at elevated heat rates. The same issues apply for the adjacent units including the RAM and HDD also contributing to the overall generation of heat inside the computer. For the case of a desktop PC, heat is generated at a rate about 50-100 W at temperatures of 80-90°C [1] . Passive cooling systems such as heat pipe cooling systems are still being used because they are easy to construct and are of low cost. However, for high heat dissipation, it is close to its operational limit since the cooling system can no longer fit in the available enclosure. The heat dissipation capacity supporting from traditional passive cooling can coped with 50-160 W of heat dissipation. For Remote Heat Exchanger (RHE) systems, there are certain developments concerning the use of ordinary HP methods. Under air-cooling at a speed of 2 m sec −1 HP methods, it can transfer up to 50 W at a thermal resistance of about 1.3°C/W. While evaluating the qualities of most cooling systems, some of the other important parameters are: mass size, installation and cost. The conventional cooling system for a desktop PC reveals many problems, especially cooling performance. Moreover, the lifespan of devices and reliable operation is largely depends on the junction temperature. The total power dissipation of recently introduced, new generation microprocessors has been increasing rapidly, these pushing desktop system [2] . In Table 1 it shows the example of a CPU specification with low thermal power and high ambient case temperature.
Numerous researches have been conducted to provide an optimum solution but so far there have been no significant investigations into PCs because of the function in different locations as well as at various ambient temperatures. During operation, the power consumption of the CPU shows how much heat is generated or dissipated because of defining the requirements of a suitable cooling system. In Table 2 it shows the example of power consumption of a CPU in an idle test and under load test. The idle test is running the computer with only the operating system without other software. The under load test is defined as running a compute-intensive test application that maximizes processor usage and power consumption.
The performance of the cooling system is measured by the Coefficient Of Performance (COP), as described with following equations:
Similarly:
Where: Q cold = The heat taken in by the cold heat reservoir Q hot = The heat given off by the hot heat reservoir T hot = The temperature of hot reservoir T cold = The temperature of cold reservoir [4] Power consumption Thermal out put The inherent benefit of the heat-pipe cooling method is the transference of heat with minimum heat loss; the advantage of the thermoelectric cooler is high efficiency of the cooling system at the cold side [5] . The moisture condensed at the cold side is a disadvantage of the thermoelectric cooler. To minimize or eliminate this problem, additional equipment [6] , which can be implemented by combining the thermoelectric cooler (as a remote heat exchanger) with a heat pipe is required. The system consists of the heat pipe, thermoelectric cooler unit, heat sink and fan. The idea of this proposed design is to produce a cooling system which can transfer heat through the heat sink with uniform distribution since non-uniform heat distribution affects the cooling performance.
MATERIALS AND METHODS
The structure of the system can be expressed in terms of the heat resistance circuit as shown in Fig. 1 . The specifications for which this solution is proposed are showed in Table 3 .
The proposed design and the assembly of the combined heat pipe and thermoelectric unit follows the thermal resistance circuit as shown in Fig. 1 . The evaporating part of the heat pipe is glued to the surface of the CPU where the heat is generated. The condensing part of the heat pipe is glued to the cold side of thermoelectric cooler and the heat sink is glued at hot side. The fan was connected to the heat sink. The schematic view of the assembly is shown in Fig. 2 . The heat pipe (2), the side heat distributor plate (3) and bottom heat distributor plate (1) were assembled with interferent fits but the assembly of the thermoelectric unit (4) and heat distributor plate (3) were done by using thermal grease or another interface medium. The assembly of the heat sink also uses thermal grease. The cooling system is put on to the chip next to the bottom heat distributor plate 1.
Thermoelectric selection: Thermoelectric coolers are solid state heat pumps based on the Peltier Effect, a typical junction phenomenon. An electrical current produces heating or cooling at the junction of two dissimilar metals depending upon the direction of the current flow. The heat absorbed or created at the junction is proportional to the electric current. The proportional constant is known as the Peltier coefficient. To determine the properties of a suitable thermoelectric device, the following equations are taken into consideration [7] . Heat pumped at cold surface:
Voltage:
Maximum current:
Optimum current:
Optimum COP (calculated at I opt):
Maximum DT with Q = 0: Since the system is to be used for cooling equipment which dissipates 200 W, the power of the heat pump at the cold side of the Thermo-Electric Cooler (TEC) must also be 200 W. In this study, the TEC cold side temperature was kept at 20°C, the voltage supply at 12 V and the ambient temperature at 40°C. In Table 2 it shows the performance of the TEC using the above values with Eq. 3-8. Fig. 3 : Thermoelectric unit [7] The selected thermoelectric device is a multiple set of p-and n-type semiconductors. In this study, the result of calculation for the thermoelectric couple is 635 couples, with an estimated surface area of 192cm 2 [7] . The commercial thermoelectric cooler as shown in Fig. 3 was chosen.
Heat pipe selection: For its construction, three different regions within the body of the heat pipe were considered. These are the evaporating zone, where the working fluid is evaporated, the condensing zone, where the working fluid is condensed and the adiabatic zone, located between the evaporating zone and the condensing zone where there is very little physical change in the fluid [8] . In this research, Jaroslaw Legierski's heat pipe design is implemented by using a water heat pipe of 200 mm length and 4 mm diameter [9] . In Fig. 4 it shows the 3D design and the assembly of the selected heat pipe with its heat distributor plates. The detail dimensions are given in Table 4 .
The power transmitted through the pipe is evaluated as: The effective thermal conductivity of the pipe is expressed by Eq. [9] : eff L T λ = −φ ∆ (10) Fig. 4 : Heat pipe assembly, detail dimensions are given in Table 4 
The heat resistance of the heat pipe can be expressed by: Heat sink selection: For the design of a heat sink, computational techniques (lumped FEA and CFD) are recommended [10] . The heat sink selection is based on the following requirements; 200 W of heat dissipation from the CHIP, 40°C ambient temperature and maximum junction temperature as 100°C. Because of space limitation inside the computer enclosure, a fixed volume heat sink was used. The initial feasibility study to determine an optimum heat sink design is shown in Table 4 .
The objective of the optimization is to minimize the core temperature of the heat source. The variable parameters are the base thickness, fin thickness, the number of fins and fin height and the heat sink which gives lowest core temperature was chosen. The results of the optimization following implementation of "COOLIT" software are tabulated in Table 5 and a 3D-illustration of optimum heat sink is shown in Fig. 5 .
The simulation conditions: "COOLIT" simulation software is used to evaluate the proposed cooling system. While the boundary conditions for the simulation were classified into two groups. The first group is the enclosure, consisting of the enclosure wall, vents and fan and the second group is inside the enclosure, consisting of the computer components as shown in Fig. 6 .
The list of components are: Other components, which do not dissipate significant amounts of heat, are neglected in simulation process. The details of the components are shown in Table 6 . • Emissivity 0.9
To simulate the model under transient conditions, the required time was set to 100 min and the time step was 0.005 min and 20,000 steps. To monitor the temperature of the system, temperature sensors were attached to each component. The dissipation power was applied, as shown in Fig. 7 and the ambient temperature was set at 40°C. Noise 21 dB air pressure 18.6 Pa
RESULTS
The simulation was carried out for temperature measurement using COOLIT 6.0 V software. The measurements of temperature are showed in Fig. 8 . The results of the study are shown in Fig. 9 and 10 . The response graph, Figure shows that the core temperature reached 74°C after 15 min of the system's heat dissipation.
The highest temperature at the chip was found to be stable and below 75°C. After the dissipation power turning off the core temperature reduces to ambient temperature within 18 min. When switched off, the components behave differently. During operation the heat pipe temperature tends to be proportional to the CPU temperature but the TEC and heat sink temperature increase slowly. This suggests that the heat pipe has very good heat transfer but that for the heat sink and TEC depends on the flow rate of the fan. When the temperature of heat pipe is considered, the gradient of the graph means that the heat-transferring ability of the heat pipe was good enough to cope with the heat dissipation of the order of 200 W. The ambient temperature was influenced by heat sink, when ambient temperature rises the surrounding pressure is high and Equation 13 was used to determine the thermal resistances of each part and the cooling of the system. During operation, the equation describing the total thermal resistance of the proposed system is:
T a depends on the operating environment. Additionally T j and Q are normally provided by the manufacturer.
The thermal resistances of each part of the cooling system were calculated from the above result. These values are given below: 
DISCUSSION
The other two commercially cooling systems are simulated using the same conditions. The results were compared with the proposed cooling system as shown in Fig. 11 and Table 7 . The highest core temperature was found to be 133°C with the thermoelectric cooling system and lowest at 74°C with the proposed cooling system. The ambient temperature of each cooling system, measured between the heat sink and enclosure fan, was increased. The highest was found to be 79°C for the TEC cooling system and the lowest 55°C for the proposed cooling system. The temperature difference between the core and heat sink of each cooling system was found to be 28°C (heat pipe), 13°C (TEC) and 18°C for the proposed cooling system. The characteristic of the separate cooling systems was totally different to the proposed cooling system as shown in Fig. 12 . The thermal resistances of both existing cooling systems are similarly, i.e., an increase after heat dissipation. Such characteristic indicates that existing cooling systems lack cooling ability because of the rising of thermal resistance when heat dissipated. For the combined cooling system the resistance characteristic is opposite, i.e., the resistance decreased after heat dissipation. Such behavior makes the combined cooling system a better method of heat transfer from a heat source to ambient because of the cooling system has less heat resisting during operation.
CONCLUSION
The simulation model has shown that:
• The proposed cooling systems have sufficient capacity for cooling 200 W heat dissipation • The temperature of the proposed cooling system is lower than both existing cooling systems. The temperature of all components, i.e. the CPU, heat pipe, TEC and heat sink were below 75°C • The thermal resistance characteristic of a cooling system has a major effect on cooling performance • Both existing cooling systems can shorten the life of the CHIP since the rapid increase of temperature to its maximum limit accompanied by slow heat removal requiring the component to be always operating at elevated temperatures
